BACKGROUND {#sec1-1}
==========

Anemia is one of the major public health concerns that cause significant morbidity and mortality in children worldwide ([@ref1]). It is one of the most prevalent public health problems in the world, affecting both affluent and poor countries with major consequences of human health as well as social and economic developments ([@ref1],[@ref2]). Even its prevalence has shown decrement across the regions; still it remains a serious public health problem around the globe ([@ref3]).

Although anemia occurs at all stages of human life cycle, its prevalence is higher especially in younger preschool aged children due to increased demand of iron for fast growth ([@ref4]).

It adversely affects the cognitive and physical development of children which in turn results in a significant impairment of work capacity and school educational performance ([@ref3], [@ref5]).

The magnitude of anemia in children substantially varies across the world's regions, whereby the global prevalence is estimated to be 42.6%, and its magnitude in Africa, South East Asia, America and European regions is 62.3%, 53.8%, 23.3% and 22.9%, respectively. Globally, on average, around 9.6 million children are severely anemic ([@ref1]).

Anemia with prevalence of ≥ 40%, 20-39.9%, 5-19.9% and \<5% in the community is categorized as severe, moderate, mild and no public health problem, respectively ([@ref8]).

The 2008 WHO report also has revealed that more than half (56.3%) of the world's preschool aged children reside in developing countries where anemia is a severe public health problem including sub-Saharan Africa with a prevalence of 40% and above ([@ref7], [@ref9], [@ref10]).

Similarly, the 2015 WHO report, from the global anemia prevalence in 2011 showed that the highest figure (42.6%) was in children compared to other age groups around the globe and its prevalence in Africa and Ethiopia was 62.3% and 50%, respectively ([@ref1]).

Anemia is associated with socioeconomic, biological, environmental and nutritional factors. Nutritional deficiencies (iron deficiency, vitamin B12 and folate deficiency), lack of awareness among the mothers about the problem together with their low educational status, unhealthy food habits and parasitic infestations were considered the main factors associated with anemia among children ([@ref1], [@ref3], [@ref4], [@ref7], [@ref11]).

The prevalence of anemia among hospitalized children in different parts of the world has been studied; 33.2% in Lebanon ([@ref14]), 61.6% in Turkey ([@ref15]), 56.3% in Uganda ([@ref16]), 83.2% in Southern Tanzania ([@ref17]), and 77.2 % in Mwanza, Tanzania ([@ref13]). However, in our country Ethiopia, there is lack of information about the prevalence and risk factors of anemia among hospitalized children.

Most studies in Ethiopia focus on the prevalence of anemia under age five and for school aged children ([@ref18]). Therefore, this study was aimed to determine the prevalence and associated factors of anemia among hospitalized children attending university of Gondar referral and comprehensive hospital, Gondar, Northwest Ethiopia. Identifying risk factors and determining the magnitude of anemia have paramount importance to reform the regional and national public policy for ensuring sustainable improvement.

METHODS {#sec1-2}
=======

Study setting and population {#sec2-1}
----------------------------

A cross sectional study was done among 384 hospitalized children aged 6 months to 14 years at university of Gondar comprehensive and specialized referral hospital, between February and June, 2018. Gondar is located at a distance of 737 km from the country's capital, Addis Ababa--in the North Gondar zone of the Amhara regional state, in North-Western Ethiopia. The city's latitude and longitude coordinates are 12°03′61″ N and 37°02′81″ E, respectively; and it is located at elevation of 2,133 m above sea level. Children with chronic kidney disease, active bleeding, HIV/AIDS, those who have undergone surgery in the previous one month and who had chronic illness were excluded from the study.

Data collection procedures {#sec2-2}
--------------------------

Upon obtaining a signed consent form and additional assent from children aged 7 years and above, the children who fulfilled the inclusion criteria were enrolled into the study. A pre-tested and standardized questionnaire was used to collect social demographics and social economic history. The caretaker/ family's level of income was assessed by asking the caretaker how much they earned per month including donation or handout from other persons or organizations. Other clinical data of hospitalized children were also collected by nurses working in pediatric ward.

Laboratory analysis {#sec2-3}
-------------------

### Hematology analysis {#sec3-1}

About 3mL of venous blood was collected from each subject for the analysis of hematological parameters; hemoglobin (Hgb), hematocrit (%), mean cell volume (MCV), mean cell hemoglobin (MCH), mean cell hemoglobin concentration (MCHC), red blood cell count (RBC) and red cell distribution width (RDW) were determined using Cell-Dyn1800 automated blood analyzer.

### Stool examinations {#sec3-2}

For intestinal parasite examination, stool samples were collected and both wet mount and concentration technique were employed by an experienced laboratory technologist.

Anemia definition and severity classification {#sec2-4}
---------------------------------------------

Since the study area altitude is 2133 meter above sea level, results of Hgb values were adjusted by subtracting 0.8g/dl to its respective sea level as it is recommended by WHO. Then Hgb cutoff value 11g/dl for children 6-59 months, 11.5g/dl for children 5-11 years and 12g/dl for children 12-15 years were considered to define anemia. Regarding to its severity of anemia, Hgb value of 10.0-10.9 g/dl, 7.0-9.9 g/dl and less than 7 g/dl were considered as mild, moderate and severe anemia, respectively for children aged 6-59 months and Hgb value of 11.0-11.4 g/dl for children 5-11 years and 11.0-11.9 g/dl for children aged 12-14 years was considered as mild type of anemia while Hgb value of 8.0-10.9 g/dl and below 8.0 g/dl were considered as moderate and mild type of anemia for both age groups; children aged 5-11 years and 12-14 years ([@ref8]).

Statistical analysis methods {#sec2-5}
----------------------------

Data were cleaned, edited, checked for completeness and entered into SPSS version 20 statistical software for analysis. Descriptive statistics were used to summarize the characteristics of the study population. To determine factors associated with anemia binary logistic regression analysis was done; and odds ratio with its 95% confidence level was used to determine the strength of association between the predictors and dependent variables. A p-value of less than 0.05 were considered as statistically significant.

RESULTS {#sec1-3}
=======

Socio-demographic and clinical characteristics of study participants {#sec2-6}
--------------------------------------------------------------------

In this study, a total of 384 hospitalized children aged between 6 months and 15 years were included, of which 212 (55.2%) are males in gender and 55.7% were from rural setting. The median age of the children was 5 years with interquartile range (IQR) of 2-10 years. Nearly half (45%) of the hospitalized children were in the age group between 6 months to 5 years. From the total hospitalized children, 18% were infected with intestinal parasites, 20% were hospitalized for five or more days and 21.6% (83/384) were malnourished. From malnourished hospitalized children, 45.8% (38/83) were severely malnourished. Regarding educational status, 58.1% of mothers and 51.6% fathers of hospitalized children were unable to read and write. For nearly two thirds (64.3%) of the hospitalized children, their family/care giver monthly household income was below 2,000 Ethiopian Birr (70 US dollars) ([Table 1](#table001){ref-type="table"}).

Prevalence of anemia {#sec2-7}
--------------------

The mean (± SD) value of altitude adjusted Hgb level among hospitalized children was 10.5 ± 2.6 g/dL, with values ranging from 2.3 g/dL to 19.3 g/dL. The overall prevalence of anemia in this study was 58.6% (225/384), with 65.9% (141/214) and 49.4% (84/170) magnitude among rural and urban hospitalized children, respectively.

Of the 225 anemic cases, 127 (56.4%) were males. Of the total anemic hospitalized children, 28% (63/225), 51.1% (115/225) and 20.9% (47/225) had mild, moderate, and severe anaemia, respectively. Ninety-three (41.3 %) anemic cases were in the age group between 6 months to 5 years, and the rest 76 (33.8%) and 56 (24.9%) are in the age group 5 to 12 years and 12 to 14 years, respectively.

The most common type of anaemia was the microcytic hypochromic anemia observed in 62.2% (140/225) of children, followed by 36.9% (83/225) with normocytic normochromic anaemia. Two children (0.9%) had macrocytic normochromic anaemia. There was no significant difference in the prevalence of anemia between females and males which was 57.0% and 59.9%, respectively. The prevalence of anemia was higher among older children (65.7%) in 12-15 years, and it had shown increased as the child's age increased ([Figure 1](#fig001){ref-type="fig"}).

Factors associated with anemia {#sec2-8}
------------------------------

In order to determine child related factors that were associated with anemia, bivariate logistic regression analysis followed by multivariate logistic analysis was done.

As indicated in [Table 2](#table002){ref-type="table"}, in the bivariate logistic regression analysis, children related factors such being 12-15 years old, infection with intestinal parasites, not eating meat and animal products, edema and fever were significantly associated with anemia. Then those variables having p-value less than 0.25 were subjected to multivariate logistic regression.

In multivariate logistic regression analysis, being infected with parasitic infection (AOR = 2.541; 95% CI: 1.363, 4.737) and not eating meat and animal products (AOR = 1.615; 95% CI: 1.014, 2.574) were statistically associated with anemia. In this study, vomiting (AOR = 0.446; 95% CI: 0.208, 0.96) and diarrhea for more than one week (AOR = 0.402; 95% CI: 0.178, 0.907) were also showed a statistically significant association with anemia. This is due to the fact that during vomiting and diarrhea, there will be a decrease in body fluid and mask the low level of Hgb value.

Family/care giver-related factor association with anemia was determined as indicated in [Table 3](#table003){ref-type="table"}. In bivariate logistic analysis, being rural in residence, having no formal maternal education and a monthly income below 2,000.00 Ethiopian Birr (28 Ethiopian Birr = 1 \$USD) were statistically associated with anemia among hospitalized children. However, there is no family/care giver related factors associated with anemia in multivariate logistic regression analysis.

DISCUSSION {#sec1-4}
==========

The findings from this study indicate that the prevalence of anemia among hospitalized children aged 6 months to 15 is high. The prevalence was found to be 58.6 %. The overall prevalence is higher than reported from other studies in India ([@ref21]), Lebanon ([@ref14]), Nepal ([@ref22]) and Nigeria ([@ref23]), where the prevalence were between 32 and 50%. The variations in percentage in different regions might be due to heterogeneity of the studied population, dietary habits, different nutritional status and incidence of worm infestation in a defined geographical spots ([@ref21]).

In our study, prevalence of anemia was elevated as age increase and it was quite high among older children aged 12-14 years (65.7%). This finding is contrary to that describe by others where the prevalence of anemia was highest among children under age of five ([@ref14]). The highest prevalence in age group between 12 and 15 may be attributed to low intake of iron rich food or inappropriate dietary choices in children, poor iron absorption due to iron absorption inhibiting factors such as tannine in tea which reduces hemoglobin synthesis or inadequate iron absorption enhancers (vitamin C and hydrochloric acid) ([@ref24]). Based on our finding, anemia prevalence in children under five which is 54.1% is lower than the result found in Ghana, Brazil, Bangalore, and Tanzania ([@ref13], [@ref17], [@ref25]).

Different studies had different result on the association between anemia and gender. This study found insignificant difference in anemia prevalence between male and female, 57.0% and 59.9% respectively. While others have demonstrated that the prevalence of anemia can vary between male and female children ([@ref28]). They argued that the high prevalence of anemia in boys may be due to the faster growth of preschool boys than girls that has high iron demand which cannot be met by diet alone.

Morphological classification of anemia showed microcytic hypochromic anemia was the most predominant type occurring in 62.2% of children. This finding is similar to the study done in Tanzania, and it is assumed that iron depletion is the main factor responsible for the high percentage of microcytic-hypochromic anemia ([@ref13]). On the other hand, normocytic normochromic anemia was the second type of anemia in this study. This may be due to acute blood loss, drug therapy and chronic diseases (anemia of inflammation) ([@ref29], [@ref30]).

Child related factors like being infected with parasitic infection and not eating meat and animal products were statistically associated with anemia. The lower immune response in children compared to adults, poor hygiene and environmental conditions favor the susceptibility of children to parasitic infections ([@ref31]). In our finding, children with parasitic infestation are two and half times more likely to have anemia than children who are free from parasitic infection, (AOR= 2.541; 95% CI: 1.363, 4.737). This finding is similar to study done in Bangladesh ([@ref32]). The mechanism behind this relation can be due to the fact that the parasite directly induces iron deficiency through blood loss by mechanical rupture of host capillaries and arterioles followed by the release of a battery of pharmacologically active polypeptides including anticoagulants, antiplatelet agents, and antioxidants ([@ref31]).

Not eating meat and animal products were also found to be related to a risk of acquiring anemia in our study and this is similar to the study done in Uganda ([@ref12]). Iron can be found in two forms in foods heme and non-heme. Heme iron is only found in animal products, whereas non-heme iron is only found in plants ([@ref33]). Iron deficiency and/or low bioavailability account for half of the anemia in developing countries ([@ref34]) accessed 28 November, 2018.

In this study univariate analysis showed anemia that was significantly associated with maternal related variables like being rural in residence (COR= 1.977 (1.309, 2.988)), have no formal education (COR= 1.823 (1.059, 3.137)) and low monthly income (COR= 1.842 (1.004, 3.381)), but in multivariate analysis this factor was not significant statistically. Since mothers are mostly care givers for the child, maternal education has always been linked to many child health outcomes. It may also affect health decision making and thus influence the probability of a child meeting certain nutrition-related requirements.

In addition, anemia among children was also associated with household income. Children living in household with lower monthly income (\<2000 Ethiopian Birr) were more likely to have anemia compared to those with higher income. Similar finding was from study conducted in Brazil and northern Ethiopia ([@ref9]). The reason might be due to children from poor households are less likely to get iron-rich foods.

This study has some limitations in that we lack data on the prevalence of blood parasite like *plasmodium falciparum*, one of the risk factors considered to be the principal cause of severe anemia in malaria-endemic areas in Africa. The clinical diagnoses of the children were also not included in this study therefore clinical causes of anemia could not be identified.

CONCLUSIONS {#sec1-5}
===========

Prevalence of anemia in hospital admitted children aged between 6 months and 15 years is high and it was found to be a severe public health problems. Being more common in children may predispose this vulnerable population to future infections, hematological and developmental disorder. Microcytic, hypochromic and normocytic normochromic pattern were the common morphological types of anemia. Parasitic infection and not eating meat and animal products significantly associate with anemia. Deworming and interventions like iron supplementation and nutritional education activities are important to decrease the prevalence of anemia.
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###### 

Socio-demographic and clinical characteristics of hospitalized children attending University of Gondar comprehensive and specialized referral hospital, Northwest Ethiopia

  Characteristics                   Frequency               Percentage   
  --------------------------------- ----------------------- ------------ ------
  Sex                               Male                    212          55.2
  Female                            172                     48.8         
  Age in years                      0.5-5                   172          45.0
  5-11                              129                     33.1         
  12-14                             83                      21.9         
  Residence                         Rural                   214          55.7
  Urban                             170                     44.3         
  Nutritional status                Severe malnutrition     38           9.9
  Moderate malnutrition             45                      11.7         
  Normal                            301                     78.4         
  Intestinal parasite infection     Yes                     69           18.0
  No                                315                     82.0         
  Length of hospitalization         Up to 2 days            112          29.2
  3-5 days                          195                     50.8         
  Above 5 days                      77                      20.0         
  Maternal educational status       Unable read and write   223          58.1
  Primary education                 44                      11.5         
  Secondary education               47                      12.2         
  College/University                70                      18.2         
  Paternal educational status       Unable read and write   198          51.6
  Primary education                 42                      10.9         
  Secondary education               57                      14.8         
  College/University                87                      22.7         
  Monthly household income in ETB   \<1000                  66           17.2
  1001-2000                         181                     47.1         
  Above 2000                        137                     35.1         

ETB: Ethiopian Birr; 28ETB = 1 \$USD.

###### 

Association of child related factors with anemia among hospitalized children

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics          Anemic         Non-anemic   COR (95% Cl)    AOR (95% Cl)                                           
  ------------------------ -------------- ------------ --------------- ------------------------------------------------------ ------------------------------------------------------
  Sex                      Male           127 (59.9)   85 (40.1)       1                                                      \-

  Female                   98(57)         74(43)       0.886\          \-                                                     
                                                       (0.589,1.333)                                                          

  Age in years             0.5-5          93 (54.1)    79 (45.9)       1                                                      1

  5-11                     76 (58.9)      53 (41.1)    1.218\          1.02\                                                  
                                                       (0.768,1.932)   (0.603,1.726)                                          

  12-15                    56 (67.5)      27 (32.5)    1.762\          1.53\                                                  
                                                       (1.018,3.049)   (0.829,2.822)                                          

  Nutritional status       Malnourished   49(59)       34(41)          1.024\                                                 \-
                                                                       (0.625,1.677)                                          

  Normal                   176 (58.5)     125 (41.5)   1               \-                                                     

  Intestinal parasites     Yes            50 (72.5)    19 (27.5)       2.105\                                                 2.541\
                                                                       (1.187,3.734)                                          (1.363,4.737)[\*](#table2-tfn1){ref-type="table-fn"}

  No                       175 (55.6)     140 (44.4)   1               1                                                      

  Hospitalization length   Up to 2 days   69 (61.6)    43 (38.4)       1                                                      1

  3-5 days                 105 (53.8)     90 (46.2)    0.727\          0.685\                                                 
                                                       (0.453,1.167)   (0.414,1.132)                                          

  Above 5 days             51 (66.2)      26 (33.8)    1.222\          1.29\                                                  
                                                       (0.666,2.242)   (0.681,2.442)                                          

  Do you eat meat          Yes            101 (51.8)   94 (48.2)       1                                                      1

  No                       124 (65.6)     65 (34.4)    1.775\          1.615\                                                 
                                                       (1.177,2.678)   (1.014,2.574)[\*](#table2-tfn1){ref-type="table-fn"}   

  Edema                    Yes            71 (70.3%)   30 (29.7)       1.982\                                                 1.56\
                                                                       (1.219,3.225)                                          (0.898,2.71)

  No                       154 (54.4)     129 (45.6)   1               1                                                      

  Fever                    Yes            27 (45.8)    32 (54.2)       0.541\                                                 0.606\
                                                                       (0.31,0.946)                                           (0.324,1.136)

  No                       198 (60.9)     127 (39.2)   1               1                                                      

  Vomiting                 Yes            18 (46.2)    21 (53.8)       0.571\                                                 0.446\
                                                                       (0.294,1.112)                                          (0.208,0.96)[\*](#table2-tfn1){ref-type="table-fn"}

  No                       207(60)        138(40)      1               1                                                      

  Diarrhea \>1 week        Yes            14 (43.8)    18 (56.3)       0.52\                                                  0.402\
                                                                       (0.25,1.079)                                           (0.178,0.907)[\*](#table2-tfn1){ref-type="table-fn"}

  No                       214 (58.8)     150 (41.2)   1               1                                                      
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\* Indicates statistically significant association;

COR: Crude Odds Ratio; AOR: Adjusted Odds Ratio; CI: Confidence interval

###### 

Association of family/caregiver related factors with anemia in among hospitalized children

  -------------------------------------------------------------------------------------------------------------------
  Characteristics               Anemic                Non-anemic   CIR (95% Cl)    AOR (95% Cl)     
  ----------------------------- --------------------- ------------ --------------- ---------------- -----------------
  Residence                     Urban                 84 (49.4)    86 (50.6)       1                1

  Rural                         141 (65.9)            73 (34.1)    1.977\          1.638\           
                                                                   (1.309,2.988)   (0.844,3.177)    

  Maternal educational status   Unable read & write   144 (64.6)   79 (35.4)       1.823\           1.657\
                                                                                   (1.059,3.137)    (0.299,9.182)

  Primary education             21 (47.7)             23 (52.3)    0.913\          0.908\           
                                                                   (0.429,1.942)   (0.191,4.305)    

  Secondary education           25 (53.2)             22 (46.8)    1.136\          1.113\           
                                                                   (0.542,2.382)   (0.278,4.455)    

  College / University          35(50)                35(50)       1               1                

  Paternal educational status   Unable read & write   125 (63.1)   73 (36.9)       1.673\           0.318\
                                                                                   (1.005,2.786)    (0.064-- 1.588)

  Primary education             25 (59.5)             17 (40.5)    1.437\          0.455\           
                                                                   (0.682,3.03)    (0.103,2.003)    

  Secondary education           31 (54.4)             26 (45.6)    1.165\          0.558\           
                                                                   (0.597,2.276)   (0.156,1.996)    

  College / University          44 (50.6)             43 (49.4)    1               1                

  Mother occupation             Government employee   32 (51.6)    30 (48.4)       0.66\            1.112\
                                                                                   (0.38-0 1.145)   (0.241,5.128)

  Private                       12 (41.4)             17 (58.6)    0.437\          0.467\           
                                                                   (0.201,0.949)   (0.166,1.315)    

  House wife                    181 (61.8)            112 (38.2)   1               1                

  Father occupation             Government employee   40 (48.2)    43 (51.8)       1                1

  Farmer                        134 (63.5)            77 (36.5)    1.871\          1.553\           
                                                                   (1.119,3.127)   (0.305,7.892)    

  Private                       51 (56.7)             39 (43.3)    1.406\          1.955\           
                                                                   (0.772,2.56)    (0.463,8.255)    

  Monthly income in ETB         \<1000                43 (65.2)    23 (534.8)      1.842\           1.528\
                                                                                   (1.004,3.381)    (0.569,4.102)

  1001-2000                     113 (62.4)            68 (37.6)    1.638\          1.283\           
                                                                   (1.044,2.569)   (0.563,2.926)    

  Above 2000                    69 (50.4)             68 (49.6)    1               1                
  -------------------------------------------------------------------------------------------------------------------

ETB = Ethiopian Birr, 28.40 ETB = 1 \$USD;

COR: Crude Odds Ratio; AOR: Adjusted Odds Ratio; CI: Confidence interval.
